White line disease (WLD) is the common name given to a syndrome covering progressive hoof wall separation. The disorder occurs in the nonpigmented horn at the junction between the stratum medium and laminar horn. The area has a crumbly horn material that can easily be picked away, and progressively causes separation [10] .
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The development of WLD has been thought to involve a number of factors, nutritional, environmental, mechanical, and infectious organism factors, but the exact pathogenesis of this disease remains unknown [10] . Regarding nutritional factors, hoof quality, growth rate and strength are dependent on interactive factors: proteins, Ca:P balance, vitamins (particularly biotin) and trace minerals, such as selenium and zinc [5] .
In a riding stable, a high incidence of WLD related to diet variations was shown from 1992 through 1997. The purpose of this study was to determine what element in the diets affected the incidence of WLD which had been documented in this stable.
Materials and Methods

Horses
All horses reared on a riding stable in Osaka, Japan between January, 1992 and December, 1997 were selected for this study. The horses were divided into three groups; the jumping horses (group A), the dressage horses (group B) and the school horses (group C). The mean populations in each year are shown in Table 1 . Through out this study, the mean age of the horses was approximately 12 years (ranging 3 to 23 years); and the percentages of geldings, male and female were 75%, 5% and 20%, respectively. Sixty-three % of the horses were Thoroughbreds and 33% were Warmblood horses. The remaining 4% consisted of Quarter horses and Ponies; and 57% of the horses were born in Japan, 30% were from Europe (the Netherlands, Germany, France, UK and Spain), and the remaining 13% were from Australia, New Zealand, USA and Argentina.
Diagnosis
WLD was diagnosed by removing the hoof wall or by X-Ray examination. The degree of hoof wall separation was graded into four grades as shown in Fig. 1 , and the cases of affected quarters area were graded in the same way.
In this study, I selected the cases that meet the following two criteria from all WLD cases: (1) Lameness from hoof pain was shown to exclude the effects of the other unrecorded cases because of no complaint. (2) The WLD was detected more than 6 months after the horse entered the stable, to exclude the horses which had WLD already entering the stable.
Diets and Nutrient contents
Yuusyun ® (YS), a pelleted feed, was supplied by Nihonnosankogyo Inc. (Landmark-tower 46F 2-2-1 Minatomirai Nishi-ku, Yokohama, Japan).
Nutrient contents of barley, YS and alfalfa hay cubes were analyzed in Northeast DHIA Forage Analysis Laboratory (730 Warren Road Ithaca, NY, USA) by nearinfrared spectroscopy and chemical analysis. Selenium and cobalt contents were determined at the Research Center of Nihonnosankogyo Inc. (5246 Takura Tsukubashi, Ibaraki, Japan) by fluorescent photometry and atomic absorption, respectively. Biotin content of YS was determined by microbiological assay with Lactobacillus plantarum ATCC 8014, in Japan Food Research Laboratories (52-1 Yoyogi Shibuya-ku, Tokyo, Japan). The nutrient contents of the timothy hay harvested in the USA were quoted from NRC (1989) [8] , and those of the timothy hay harvested in Japan were quoted by Equine Research Institute, Japan Racing Association (1998) [2] .
Results
In 1992, hoof care of group C was poor; specifically, the long tern shoeing, inadequate hoof cleaning and dirty bedding (wood chip) frequently caused chipped hoof wall or thrush. By contrast, hoof care of groups A and B was much better than that of group C. Groups A and B had timely shoeing and their bedding (wood chip) was kept cleaner, and so in groups A and B thrush was rare. WLD, however, was observed only in groups A and B, and there was no horse with WLD in group C.
The diets fed to group C were partly different from those fed to the other two groups. Timothy hay, alfalfa hay cubes, barley, salt and calcium supplements were fed to groups A and B. By contrast, YS was fed to group C instead of barley to control excitability, and salt or calcium supplement was not fed. Accordingly, since 1993, the diets of groups A and B were changed to supply the horses with YS. Figure 2 shows the quantity of the feeds consumed in the stable. In Fig. 2 , others consisting of some different pelleted feeds and a sweet feed etc., were fed to a small part of groups A and B. At first timothy hay harvested in Japan was supplied, but since September, 1993 it was changed to that harvested in the USA. The quantity of the consumed YS in 1992 was 3.0 × 10 4 kg, that in 1993 was 6.1 × 10 4 kg and those from 1994 to 1997 ranged from 7.7 to 8.5 × 10 4 kg (Fig. 2) . These data indicate that in 1992 YS was fed only to group C, and in 1993 the diets of groups A and B were changed, and then after 1994 YS has been fed to all the horses. On the other hand, the quantity of barley consumed has decreased because it has been replaced by YS. A total of 22 WLD cases were diagnosed in this survey, consisting of 18 in group A (82%), three in group B (14%) and one in group C (5%) ( Table 2 ). WLD was found in the toe of one forehoof in 16 cases (73%), in the toes of both forehooves in three cases (14%), in the lateral quarter of one forehoof in two cases (9%), and in the lateral quarter of a hind hoof in one case (5%). Regarding the grade of hoof wall separation, 15 cases (68%) were grade 3, six cases (27%) were grade 2 and one case (5%) was grade 4. The ages of these horses ranged from 5 to 18 years, and the mean age was 11.4 years. Seventeen horses (77%) were gelding, two horses (9%) were male and three horses (14%) were female. Sixteen horses (73%) were Thoroughbreds and six horses (27%) were Warmblood horses. Fifteen horses (68%) were born in Japan, two (9%) were from the Netherlands and the other two (9%) from France, and one each (5%) was from Germany, UK and Argentina. No tendency was detected in age, sex, breed or home country. Figure 3 shows the annual incidence of WLD in all the horses in this stable. A marked decrease in the percentage of WLD was seen after 1994 when all the horses began to be fed on YS. Table 3 shows the nutrient contents of barley, YS, alfalfa hay cubes, timothy hay harvested in Japan and timothy hay harvested in the USA. In particular, the concentration of biotin in YS was 0.29 mg/kg.
The typical daily diet fed to groups A and B in 1992 (P-diet) was presumed to be 4.5 kg alfalfa hay cubes, 3 kg timothy hay harvested in Japan, 3 kg barley, salt and calcium supplements, and the typical daily diet after 1994 (N-diet) was presumed to be 4 kg alfalfa hay cubes, 3.5 kg timothy hay harvested in the USA, 1 kg barley and 2.5 kg YS. The nutrient contents of P-and N-diet and the nutrient requirements of 500 kg weight mature horses doing moderate work [8] are shown in Table 4 . The amounts of DE, protein, magnesium, potassium, sulfur, iron, manganese and selenium in the N-diet were similar to those in the P-diet, but the contents of copper and zinc in the N-diet were 1.9 and 2.8 times more than those in the P-diet, respectively. Compared with the nutrient requirements [8] , the contents of copper and zinc in the P-diet were lower than the minimum essential doses. The other nutrients provided with either diet were enough. By changing from the P-diet to the N-diet, the biotin increase was 0.73 mg/day at most.
Discussion
Multiple causes of WLD have been suggested; environmental factors, nutritional factors, mechanical factors, and infectious organisms have each been implicated [10] . In this study, during the first year, group C had no WLD in spite of the poorer environment than of the other groups, and after the second year, the incidence of WLD responded well to the change in diet. These results strongly suggested that nutritional factors may be a significant cause of the high incidence of WLD seen in this stable.
Biotin is synthesized by microorganisms in the intestinal tract of the adult horse [8] . Feeding of 20 mg of biotin/day to adult horses was reported to improve hoof aspects [6, 11] . Since the biotin dose was very similar in the P and N diets, biotin may not be involved in the incidence of WLD in this study. The great differences between the P-diet and the Ndiet were detected in copper and zinc contents. Zinc is present in the skin, hair and hooves, and its deficiency leads to parakeratosis in animals [3] . Nelson et al. reported abnormal hoof growth and hoof pain in ruminants with zinc deficiency [9] . In horses, zinc deficiency has been produced in foals fed on 5 mg of zinc/kg in a purified diet, and it was accompanied by inappetence, reduced growth rate, parakeratosis, alopecia and decreased alkaline phosphatase [4] . In this study, horses fed on P-diet containing more zinc (20.3 mg/kg) did not have such symptoms.
The zinc requirement indicated by NRC is 40 mg/kg of dry matter [8] . Interestingly, Lewis suggested that 15 mg zinc/kg diet dry matter appears to be adequate for mature horses, because feeds commonly fed horses often contain as low as 15 mg/kg zinc, yet no naturally occurring zinc deficiency has been reported [7] . Breedveld et al. reported that feeding mares a diet containing 18 mg/kg zinc 60 days before and after foaling, causes no detectable disorders in either the mares or foals [1] . These findings do not agree with the results of this study showing that the horses fed with P-diet containing 20.3 mg/kg zinc had a significantly high incidence of WLD. For these disagreements, the following two reasons are conceivable; (1) Feeding on a large amount of alfalfa hay cubes -The diets fed in this study contained 4.5 kg or 4 kg alfalfa hay cubes. It is reported empirically, horses fed on legumes (such as alfalfa) have poorer quality hooves, suggesting that this may be caused by the increase in ammonia in the urine [5] . Moreover, alfalfa with a high calcium content might interfere with zinc absorption.
In fact, a high calcium level in the diet causes secondary zinc deficiency in pigs [3] . (2) Stress on foot -Performance horses' feet are under a lot of stress, so this might be why the results of this study on performance horses were different from those for breeding mares [1] .
Taken together, the present results strongly suggested that long term, not severe low-zinc and low-copper diets may cause a high risk of WLD in adult horses, and that an improved diet of these minerals may largely lead to the prevention of WLD.
